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Abstract: Design has been recognised in the literature as a catalyst to move away from the traditional
model of take-make-dispose to achieve a more restorative, regenerative and circular economy.
As such, for a circular economy to thrive, products need to be designed for closed loops, as well as be
adapted to generate revenues. This should not only be at the point of purchase, but also during use,
and be supported by low-cost return chains and reprocessing structures, as well as effective policy
and regulation. To date, most academic and grey literature on the circular economy has focused
primarily on the development of new business models, with some of the latter studies addressing
design strategies for a circular economy, specifically in the area of resource cycles and design for
product life extension. However, these studies primarily consider a limited spectrum of the technical
and biological cycles where materials are recovered and restored and nutrients (e.g., materials, energy,
water) are regenerated. This provides little guidance or clarity for designers wishing to design for new
circular business models in practice. As such, this paper aims to address this gap by systematically
analysing previous literature on Design for Sustainability (DfX) (e.g., design for resource conservation,
design for slowing resource loops and whole systems design) and links these approaches to the
current literature on circular business models. A conceptual framework is developed for circular
economy design strategies. From this conceptual framework, recommendations are made to enable
designers to fully consider the holistic implications for design within a circular economy.
Keywords: circular design; design for sustainability; circular business models; circular economy
1. Introduction
Designers have a significant responsibility to shape the current status on how products and
services are built. Since 1971, when Victor Papanek [1] called industrial design a harmful profession, not
much change has occurred. In fact, according to research from the Royal Society for the Encouragment
of Arts, Manufactures and Commerce (RSA) [2], the design of most products is far from being
“circular ready”, as they follow the linear “take-make-dispose” model of resource use. However, Victor
Papanek [1] also placed design as part of the solution due to designers having powerful technical and
human-centred capabilities [3] that can help shape the environment in which we work, live and recreate.
In the last decade, many academic and non-academic discussions have ensued for implementing a
different role for design. Terms such as “eco-design”, “green design”, ”design for the environment”
and “sustainable design” have emerged, looking for alternative ways to deliver less damage to the
environment and sometimes to wider society in general [3,4]. However, the application of these
theories and methods in the development of “less bad consumer products” can have unintended
consequences or re-bound effects if not considered from a whole system perspective [5] and result,
for example, in the use of scrap, recycled and renewable materials, which cannot easily be recovered,
disassembled or reused [6].
A circular economy enables a continuous positive development cycle that preserves and enhances
natural capital, optimises resource yields and minimises system risks by managing finite stocks and
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renewable flows [7]. This has the potential to address many of the complex challenges of the 21st
century, including the loss of biodiversity, climate change, finite resource depletion, water stress,
population growth, conflict over energy and resources, geopolitical tensions, human rights and
economic failure. For design, a circular economy replaces the end-of-life concept with restoration,
shifts towards the use of renewable energy, eliminates the use of toxic chemicals that impair reuse
and aims for the elimination of waste through the superior design of materials, products, systems
and business models. In fact, the circular economy has been defined as an “industrial system that is
restorative or regenerative by intention and design” [8] (p. 8). Without such a systemic change in the
way that we design products, services, systems and infrastructure, the potential of a circular economy,
outlined above, will never be achieved. As such, design for a circular economy has to consider
different design strategies for closed loop systems as a pivotal point for its success. McDonough
and Braungart [7] recognised two cycles in which resource loops flow, the “technical cycle” and the
“biological cycle”. The technical cycle refers to closed loops within which materials that are inorganic
or synthetics can stay in continued use without losing their properties or value. The biological cycle
refers to organic nutrients or materials that can return back to the system or decompose without
causing harm to the environment and provide a source of food for the wider system.
In addition to material and nutrient flows, circular design needs to consider the business model
that a product is being designed for, as different kinds of product cycles take place within a circular
economy. Some loops involve a business maintaining the economic value of assets throughout their
lifecycle and others involve the adoption of resources that can be reintegrated into nature or fed into
other supply chains [7]. Whilst there is not an ‘ideal’ business model that is preferable to achieve true
circularity, tailored approaches are recommended for the successful transition into a circular economy.
As such, the design of circular products needs to be ‘fit for purpose’ according to the chosen business
model [8].
The role of policy is also eminent for businesses to make a transition towards developing circular
products. In fact, the European Commission’s 2015 Circular Economy Strategy stressed the importance
of design for end-of-life, product longevity and life extension [9]. The Commission also emphasised
the importance of the revision of the Waste Electrical and Electronic Equipment (WEEE) and EcoDesign
Directive to set in place regulations that drive businesses towards innovative practices for more circular
products. In addition to design, policy can also help to drive the development of new business models
enabling design strategies for a circular economy [8]. It is therefore necessary to consider policy and
regulation as a component of the framework developed in this research and to discuss these further
within opportunities for future research.
Previous work from Bocken et al. [10] brings together existing literature on consumer product
design and circular business models and develops a framework of strategies. This framework is
limited, however, and does not consider the wealth of the extant and valuable literature on Design for
Sustainability (DfX), considered in this paper as the precursor to circular design. There is a need to
provide design practitioners, industry stakeholders and product developers with recommendations
of how to think about particular design strategies for different circular business models. The aim of
this paper is therefore to systematically analyse previous literature on DfX, link previous approaches
to the current literature on circular business models and develop a conceptual framework on design
strategies for a circular economy. From this conceptual framework, recommendations are made to
enable designers of consumer products to fully consider the holistic implications of design within a
circular economy.
2. Method and Concept of the Study
In order to develop the proposed framework for circular design, the following three steps
were undertaken:
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• Step 1: Identification of the state of the art principles contributing to circular design to enable the
development of a revised taxonomy of DfX approaches,
• Step 2: Identification of the state of the art classification of circular business models,
• Step 3: Synthesis and development of a conceptual framework for circular design.
2.1. State of the Art Principles for Circular Design
For this step, it was important to conduct a state of the art review on how environmental
philosophies permeated the design realm and how these discussions transcended over the years,
resulting in a range of DfX approaches. For the purposes of this paper, the work of Go et al. [11]
is referenced. In this work, DfX is defined as “a combination of eco-design strategies including
Design for Environment and Design for Remanufacture, which leads to other design strategies such as
Design for Upgrade, Design for Assembly, Design for Disassembly, Design for Modularity, Design for
Maintainability and Design for Reliability”. Since the topic of environmental design has been well
reviewed by scholars, e.g., [10–14], this review focused on the historical evolution of green design
to DfX, to develop a new taxonomy of DfX approaches based on previous work by De los Rios and
Charnley [15], which is the only classification to date that looks into a full transition from DfX to
circular design. The taxonomy is based on the following DfX approaches: (a) design for resource
conservation; (b) design for slowing resource loops; and (c) whole systems design.
To conduct the literature review, the following academic databases were used: Scopus, Google
Scholar, EBSCO Information Services Host and ProQuest. Keywords included evolution and history
plus a variation on terms such as: green design, eco-design, design for the environment, environmental
design, sustainable design, design for sustainability, circular design, cradle to cradle design, design
for X, DfX, design for closed loops, design for remanufacture, product service system, whole system
design. The literature search generated articles on conceptualising the evolution of green design
through to circular design and DfX strategies. This exercise untapped new strategies, methods and
tools that were not considered by De los Rios and Charnley [15]. Table 1 shows an overview of the
literature that is considered to contribute to the new taxonomy.
Table 1. Categorisation of Design for Sustainability (DfX) approaches according to the existing literature.
DfX Approach Authors
Design for
resource conservation
Allwood et al. [16,17]; Bocken et al. [10]; Chertow and Ehrenfeld [18]; Lieder and Rashid [19];
Rashid et al. [20]
Design for slowing
resource loops
Ashby and Johnson [21]; Accorsi et al. [22]; Bakker et al. [23,24]; Bhamra and Lofthouse [12];
Bocken et al. [10]; Bogue [25]; Boothroyd [26]; Chapman [27]; Claypool, et al. [28]; Cooper [29];
Clark et al. [14]; Edwards [30]; Ijomah et al. [31]; Johansson [32]; Kimura et al. [33];
King et al. [34]; Lofthouse [35]; Morelli [36]; Hatcher et al. [37]; RSA [2];
Sundin and Lindahl [38]; Van Nes and Cramer [39]; Vezzoli and Manzini [13]
Whole Systems Design Benyus [40]; McDonough and Braungart [7]; Braungart et al. [41]; Charnley et al. [5];Nagel et al. [42]; Schenkel et al. [43]; Vincent et al. [44]; Wells and Seitz [45]
2.2. Identification of State of the Art Classification on Circular Business Models
Research towards the circular economy has primarily focused on developing taxonomies to
understand what circular business models would look like. Lewandowski [46] presented the most
up to date and complete compilation of taxonomies developed in this space. Not all of the typologies
mentioned by Lewandowski [46] were considered in this review due to the fact that the purpose
of this state of the art review was to focus on the taxonomies that consider the value creation of a
circular economy. The review revealed that the circular business model taxonomies developed by
Accenture [47], Bakker et al. [23], Bocken et al. [10,48], Stahel [49] and Tukker [50] have a discourse
founded in economic terms of value generation, activities and sources of revenue. As such, these
were used to revisit and complement the work of De los Rios and Charnley [15], as they categorise
the different taxonomies on business models in relation to economic gains. The review on circular
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business models adopted a similar approach as described in Section 2.1 using the same databases,
but with keywords such as: circular economy, circular business model, sustainable business model.
In addition, a manual search was conducted on the websites of the contributors to a circular economy
to complement the search with further reports, books and academic papers.
2.3. Synthesis and Development of a Conceptual Framework for Circular Design
Most of the academic and grey literature on the circular economy has focused primarily on the
development of business model structures, with a small number of studies addressing design strategies
for a circular economy that look at past literature in the area of resource cycles and design for longer
product life. The reason for this is because the circular economy discourse focuses on closed loops for
materials, especially in recovering and recycling to keep materials circulating through the economy [51].
As such, these studies primarily consider a limited spectrum of the technical and biological cycles
where materials are recovered and restored and nutrients (e.g., materials, energy, water) regenerated [5],
providing little guidance to designers and a lack of clarity on how designers are to design for new
circular business models. In addition, Gregson [52] argues that moral considerations should be taken
into account when there is a revalorisation of keeping material flows into the economy. To address
the identified gap, Step 3 of the systematic literature review links all of the identified DfX approaches,
strategies, methods and tools (considering the three dimensions of sustainability-environmental,
social and economic) to the classification of circular economy business models according to the value
provision, source of revenue and economic activities. From this synthesis, a conceptual framework
was developed followed by recommendations for circular design practice.
3. Circular Design Principles
Design is a discipline that has been taught and practiced following the linear economy of
take-make-dispose, which has been modelled by industry to be time-bound and limited to its
desirable life and function [53]. Following the Great Depression, planned obsolescence was introduced
as a strategy to stimulate the market [54]. This strategy dramatically differed to the mind-set of
consumers in World War II when the practices of making do and mending (reusing and repairing)
and salvaging (recycling) were commonplace due to government policy and restrictions, through
rationing, on the availability of products and resources [55]. Following WWII, through the 1950s,
planned obsolescence was steadily adopted by industry designing products that could become rapidly
obsolete and replaced by consumers, helping companies to increase profits [56]. Conversely, planned
obsolescence contributed significantly towards damaging the environment. As the consequences
of environmental impacts became clear, academics and practitioners started to explore alternative
design frameworks to influence the impact that products have on the environment and society. In fact,
since the democratization of design in the 19th Century and its effects for economic prosperity in
the 20th Century, designers started to recognize their role and responsibilities as being the interlink
between industry and consumers. As such, they were able to influence the decisions people make
about what they buy and why [56], hence the birth of consumerism using the field of industrial design
as the driver following World War II [55]. Designers are also recognized to play an integral part right
at the beginning of the conception of a new consumer product, and as such, they can determine its
environmental, social and technological costs [1,4].
By recognizing designers’ responsibility, over the years, environmental philosophies have evolved
from green design to design for sustainability and, more recently, design for circularity or circular
design. The first approaches of integrating sustainable principles into the design process emerged
from the idea of using lifecycle assessment tools to evaluate the environmental impacts at each stage
of the product lifecycle [4,57]. Figure 1 represents a historical evolution of green design to DfX and
describes the focus of each. Green design and eco-design have been criticised by McDonough and
Braungart [7] as having the same linear approach with only attempting to “be less bad”. Results
from these approaches are the use of scrap, recycled and renewable materials, which often make
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further recovery and regeneration impossible. Subsequently, sustainable design took a step forward
by considering social issues, including usability, socially responsible use, sourcing and designing to
address human needs [12]. However, this approach still follows a linear process. DfX, then, is a term
used to describe the creation of physical objects and services to comply with social, economic and
ecological needs within a given context. DfX is used as a description for both preventive approaches
(green, design, eco-design) and design for closed loop cycles. However, DfX covers a range of strategies
that could be adopted to design for a circular economy, as in some cases, it takes a more holistic and
radical approach towards product development (e.g., design for Product Service Systems PSS) [50].
DfX is the most commonly-used term to represent a holistic approach and most representational of
‘circular design’; however, it can be argued that the wide usage of this term does not permit a fair
representation of the implications for design within a circular economy. Thus, it was necessary to map
out all of the possible DfX strategies against the most current assembly of circular business models.
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Figure 1. Historical evolution of environmental philosophies applied to design.
From DFX to Designing for Circular Cycles
Multiple authors argue against a direct link between sustainability and a circular economy stating
that sustainable growth should not be about reduction and restraint over consumption [8,58] and that
we should still be entitled to live in an enjoyable world, where resources are restorative. However,
an ever-growing array of design principles, methods and tools from disciplines historically linked
to sustai ability exists to support the design and development of pr ducts for closed loops, hence
the decision to consider them within this research. In fact, early think rs on the con ept of designing
for circular cycles, such as Benyus [40], looked into how resources could becom a nutrient f r the
next generation of living organisms. Other initial proposers of this concept include McDonough and
Braungart [7] with their cradle to cradle approach in which outputs (waste) from one system become the
inputs (resources) for other systems. Additionally, scholars, such as Walter Stahel [49,59–61], thought
about dematerialisation (reducing material input, while maintaining performance), which gave life to
new forms of business models, namely the sharing economy and collaborative consumption, which
are integral to the circular economy as we currently know it. Despite the prominence of such concepts
within what we understand as a circular economy, the link between the evolution of sustainability and
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the circular economy is not universally accepted and should be acknowledged as a working position
based on the literature reviewed within this research.
The most up to date literature describing design considerations for a circular economy suggests
necessary changes to incorporate restoration and recovery at different levels, e.g., energy, products,
materials, elements or molecules [7,8], as well as the technical characteristics of modularity, disassembly
and repair-friendly features into products [25,26]. To give a better understanding of where the current
DfX strategies are in relation to design for circular cycles, the taxonomy built by De los Rios and
Charnley [15] was revisited, which considers the latest approaches to designing for multiple lifecycles,
as well as to achieve holistic circular design (Table 2).
Through revisiting the recent literature, a new configuration of the strategies proposed by De los
Rios and Charnley [15] was developed. This new taxonomy focuses on understanding how the sum
of DfX approaches and “systems thinking” can be integrated to change the role of design within the
circular economy. This taxonomy takes into consideration that design will be mindful and that in order
to implement circular design, designers will successfully adapt circular resources to user needs both for
function and pleasure, as an evolutionary role of design for closed loops. As such, this new taxonomy
does not include design for behavioural change (e.g., Boks et al. [62]; Lilley [63]) as a strategy, as it is
assumed that if a true circular design is applied, design will not need a palliative strategy to influence
more sustainable behaviour. Piscicelli and Ludden [64] argue that influencing consumer acceptance
would be important to scale up circular business models into the market. However, circular design
goes beyond the traditional design process following the linear model of take-make-dispose, in which
by considering the system as a whole, designers learn to be system thinkers. System thinking involves
unique human cognitive capabilities that could help create meaningful design that would be more
broadly accepted. As such, designers could make informed decisions about which circular strategies
to use according to the business model and, at the same time, consider the transition processes and
socio-cultural aspects in which the circular model will be implemented [65]. By applying systems
thinking, designers have the potential to influence consumer perceptions and consumption patterns to
help industry and society to not only move away from careless resource depletion [12], but transition
towards an abundant, innovative and prosperous future, enabling a true adoption of circular design.
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Table 2. Taxonomy of DfX approaches based on De los Rios and Charnley [15].
DfX Approach Circular DesignStrategy Design Focus DfX Method/Tool Literature Sources
Design for
resource
conservation
Design for
circular supplies
Design for closing
resource loops
Design for biodegradability Bocken et al. [10]; McDonough and Braungart [7]
Design with healthy/smart processes/materials Bocken et al. [10]; Benyus [40]; McDonough and Braungart [7]
Design for
resource
conservation
Design for reduce
resource consumption
Design for production quality control Boothroyd [26]; Allwood et al. [16]
Design for reduction of production steps Allwood et al. [16]; Vezzoli and Manzini [13]
Design for light weighting, miniaturizing Allwood et al. [16]; Vezzoli and Manzini [13]
Design for eliminating yield
loses/material/resources/parts/packaging Allwood et al. [16]; Vezzoli and Manzini [13]
Design for reducing material/resource use Ashby and Johnson [21]; Allwood et al. [16,17]; Clark et al. [14]; Vezzoli and Manzini [13]
Design for
slowing
resource loops
Design for long
life use of
products
Design for reliability
and durability
Design on demand or on availability Bhamra and Lofthouse [12]; Chapman [27]; Clark et al. [14]; Vezzoli and Manzini [13]
Design the appropriate lifespan of products/components Bakker et al. [23,24]; Bhamra and Lofthouse [12]; Bocken et al. [10]; Chapman [27]; Clark et al. [14];Cooper [29]; Lofthouse [35]; Van Nes and Cramer [39]
Design for product
attachment and trust
Create timeless aesthetics Bakker et al. [23,24]; Bhamra and Lofthouse [12]; Bocken et al. [10]; Chapman [27]; Lofthouse [35]
Design for pleasurable experiences Bhamra and Lofthouse [12]; Bocken et al. [10]; Chapman [27]; Lofthouse [35]
Meaningful design Bhamra and Lofthouse [12]; Bocken et al. [10]; Chapman [27]; Clark et al. [14]; Lofthouse [35]
Design for extending
product life
Design for repair/refurbishment Bakker et al. [23,24]; Bocken et al. [10]; Chapman [27]; Kimura et al. [33]; Van Nes and Cramer [39]
Design for easy maintenance, reuse and repair Bakker et al. [24]; Bocken et al. [10]; Bogue [25]; Chapman [27]; Johansson [32]; Edwards, [30];Van Nes and Cramer [39]
Design for upgradability and flexibility Bakker et al. [23]; Bocken et al. [10]; Bogue [25]; Chapman [27]; Johansson [32]; Edwards [30];Van Nes and Cramer [39]
Design for
dematerialising
products
Design for product-service systems Bakker et al. [24]; Clark et al. [14]; Morelli [36]; Sundin and Lindahl. [38]; Tukker [50];Vezzoli and Manzini [13]
Design for swapping, renting and sharing. Bakker et al. [24]; RSA [2]; Tukker [50]
Design for
multiple cycles
Design for
resource recovery
Design for easy end-of-life cleaning, collection and
transportation of recovered material/resources Vezzoli and Manzini [13]
Design for cascade use Accorsi et al. [22]; Vezzoli and Manzini [13]
Design for (re)manufacturing and dis- and re-assembly Bakker et al. [24]; Bocken et al. [10]; Bogue [25]; Chapman [27]; Edwards [30]; Hatcher et al. [37];Johansson [32]; Kimura et al. [33]; Sundin and Lindahl [38]; Van Nes and Cramer [39]
Design for upcycling/recycling King et al. [34]; Vezzoli and Manzini [13]
Whole Systems
Design
Design for
systems change
Design to reduce
environmental
backpacks
Design for the entire value chain Charnley et al. [6]; Chertow and Ehrenfeld [18]; Claypool et al. [28]; Vezzoli and Manzini [13];Wells and Seitz [45]
Design for local value chains Wells and Seitz [45]; Vezzoli and Manzini [13]
Design for
Regenerative Systems
Design for biomimicry Benyus [40]; Nagel et al. [42]; Schenkel et al. [43]; Vincent et al. [44]
Design for biological and technical cycles Bocken et al. [10]; McDonough and Braungart [7]; Braungart et al. [41]
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4. Business Models for a Circular Economy
This section revisits the taxonomy on circular business models proposed by De los Rios and
Charnley [15] in relation to economic gains, such as value flows, primary source of revenue and
economic activities to close loops. This taxonomy was chosen as it resonates with Linder and
Williander’s [66] definition of a circular business model, which refers to “a business model in which
the conceptual logic for value creation is based on utilising the economic value retained in products
after use in the production of a new offering” (p. 2). As many scholars [8,10,46] have mentioned, the
circular economy has been developed by many schools of thought, such as cradle to cradle, industrial
ecology, biomimicry, blue economy, natural capitalism, industrial symbiosis and the performance
economy [49,59–61]. The Ellen MacArthur Foundation [8] recognises that those schools of thought are
complementary, and as such, they propose three fundamental principles towards the transition to a
circular economy:
• Principle 1: Preserve and enhance natural capital by controlling finite stocks and balancing
renewable resource flows; meaning that technology and processes are chosen wisely according to
their use of renewable or better-performing resources.
• Principe 2: Optimize resource yields by circulating products, components and materials at
the highest utility at all times in both technical and biological cycles; meaning designing
for remanufacturing, refurbishing and recycling to keep technical components and materials
circulating in the economy, preserving embedded energy and other value. It also refers to
encouraging biological nutrients to re-enter the biosphere in the safest way possible to become
valuable feedstock for a new cycle.
• Principle 3: Foster system effectiveness by revealing and designing out negative externalities;
this includes reducing damage to human utility, such as food, mobility, shelter, education, health
and entertainment, and managing externalities, such as land use, air, water and noise pollution,
release of toxic substances and climate change.
Following these principles, the Ellen MacArthur Foundation [8] defined four forms of value
generation. These are: cycling smaller/faster with less energy and resources, cycling for longer,
cascaded uses and pure regenerative cycles. The circular business model taxonomies developed by
Accenture [47], Bocken et al. [10], Stahel [49] and Tukker [50] were analysed according to these forms
of value (Figure 2). The taxonomies of Bocken et al. [10] and Bakker et al. [23] were reviewed, but not
further analysed, as Bocken et al. [10] presents an updated version of these. It should be noted that the
majority of the literature concerning circular business models does not come from business schools
themselves and, therefore, brings into question whether or not this field of research is being taken
seriously in practice. This remains a challenge for business model research.
The value generation companies might achieve by implementing the circular economy principles
will depend on a case-by-case basis regarding the demand of resource use. If demand grows, the
amount of resources needed would not be enough, and thus, a constant input of resources will be
needed. In addition, keeping materials and resources circulating within the economy will require an
input of extra resources. As such, Allwood [51] argues that the priority would be to reduce the rate at
which material and resources are required. Scholars such as Bocken et al. [10] recall earlier schools of
thought that argue for slowing, closing and narrowing the resource flows through different business
strategies that will influence the design of products and services.
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5. Circular Design Framework
To develop the circular design framework, the circular design and business model taxonomies
explained above were simplified, having five main circular design strategies mapped against five
circular business model archetypes. These are further explained below.
5.1. Circular Design Strategies
The five identified circular design strategies are:
• Design for circular supplies: This strategy focuses mainly on the biological cycles and refers to
thinking of “waste equals food” in which resources are captured and returned to their natural
cycle without harming the environment [40].
• Design for resource conservation: This strategy focuses on both the technical and biological cycles
and uses a preventative approach in which products are designed with the minimum of resources
in mind [10].
• Design for multiple cycles: This strategy focuses on both the technical and biological cycle and
refers to design aimed at enabling the longer circulation of materials and resources in multiple
cycles [10,23].
• Design for long life use of products: This strategy focuses on the technical cycle and refers to
extending the utilisation of a product during its use through extending its life and offering services
for reuse, repair, maintenance and upgrade [23], or by enhancing longer-lasting relationships
between products and users through “emotional durable design” [27]. Furthermore, changing
the ownership of products through services could enhance longer utilisation of products and,
therefore, move to a sharing system [47].
• Design for systems change: This strategy covers the whole spectrum of value creation for both
biological and technical cycles and refers to design thinking in complex systems as a whole and
between its parts to target problems and find innovative solutions [5].
5.2. Circular Business Model Archetypes
By analysing the four taxonomies identified in Section 4, it was seen that the taxonomies proposed
by Bocken et al. [10] and Accenture [47] were the ones that take into consideration both the biological
and technical cycles and all of the sources of value generation listed above. As such, a summary was
made of five circular business model archetypes.
• Circular supplies: A business model based on industrial symbiosis in which the residual outputs
from one process can be used as feedstock for another process [10].
• Resource value: A business model based on recovering the resource value of materials and
resources to be used in new forms of value [7,10,48].
• Product life extension: Those business models that are based on extending the working life of a
product [48].
• Extending product value: Those business models based on offering product access and retaining
ownership to internalise benefits of circular resource productivity [48].
• Sharing platforms: Those business models that enable increased utilisation rates of products by
making possible shared use/access/ownership [48].
After defining the five circular design strategies and business model archetypes, these were
mapped against each other with the purpose of delivering a tangible value through influencing
industry and society (Figure 3). This resonates with the philosophy proposed by the Ellen MacArthur
Foundation [8] that we should develop industrial systems that move away from careless resource
depletion and at the same time gain substantial benefits by doing so [10]. In fact, many authors
argue that sustainable growth should not be a matter of restraint and guilt over consumption [8,58]
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and we should still be entitled to live in an enjoyable world, where material flows are restorative.
As such, Figure 3 depicts the value flows against the source of revenue for each of the identified circular
business models. In the upper part of Figure 3, the five circular design strategies are mapped out
according to the circular business models and their position in the value chain, to aid the designer to
understand which is the business model they are designing for, as different types of product cycles
are considered within the circular economy [8]. The value of the framework lies in the integration
of schools of thought from circular design strategies and circular business models. For the first time,
this framework provides design practitioners with a holistic view of how to approach circular design,
not only from a product perspective, but by taking into account the relevance and importance of the
surrounding business models and how to integrate them with the design process. In addition, the
framework acknowledges the role of policy and regulation in enabling circular business models, which
requires exploring in future research.
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6. Recommendations for Circular Design
The advances in design strategies according to different products from Bocken et al. [10] and
Bakker et al. [23] were particularly relevant for this research, as they provided the most complete and
up to date description of design considerations for a circular economy. In addition, the researchers also
acknowledge the efforts of the Great Recovery Project [67] which have developed a series of design
principles for circular design. By looking into the academic and grey literature, related to the proposed
framework, a set of recommendations for circular design was generated, with the aim of assisting
designers, innovators and decision makers in the consumer goods spectrum, on their journey towards
circular design. The recommendations are presented below as a set of 10 points to consider when
designing for a circular economy.
(1) Design for “systems change” when considering any circular design strategy;
(2) Design by identifying the new circular business model that your product/service is being
designed for;
(3) Design by thinking of revolutionising the world: circular design goes beyond doing less bad;
(4) Design for multiple cycles (short and/or long) and not only with end-of-life in mind;
(5) Design by th nking in living and adaptive systems;
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(6) Design with different participants in the value chain, including your final user, and always keep
him/her/it in mind;
(7) Design by considering value in a broader view, not as a price tag on a shop shelf, but as an asset;
(8) Design with failure in mind: it is better to test and prototype as many times as possible;
(9) Design knowing where each material and part comes from and where each material and part
goes to;
(10) Design with “hands on” experiences that foster a call for action.
These recommendations aim to inspire current and future designers, inventors, innovators and
decision makers in business to acquire new skills and think beyond current processes to enable
a regenerative system that is created by intention and design. The change in the role of design
is inevitable to cater to a dynamic society that is familiar with the reinvention of new business
propositions. However, the pressing environmental and societal events in the last decade demonstrate
a significant call for action to start thinking of the implications to the wider system. As such, the
circular economy has been seen as a possible solution to stabilize some of these pressing issues by
decoupling economic growth from resource consumption. Designers should start thinking about
their contribution to the circular economy by being aware of the impact they can make by shifting
their mind-set to “solution providers” rather than “object creators” [68]. As such, this paper seeks to
contribute to the body of knowledge in this area by studying the evolution of DfX and its contribution
to a circular economy. It should be acknowledged that the literature review conducted was based
on academic research and does not interrogate to what extent the implementation of circular design
strategies or business models exists in practice. Further research is required to understand how the
theories discussed in this paper are permeating across industrial sectors, using tools and following
recommendations such as those presented in this paper.
7. Concluding Remarks
This paper aimed to develop a framework for the evolution of DfX. Key circular design strategies
were identified and mapped out against circular business model archetypes. The relationship between
design strategies and multiple business models is imperative to make the transition from a linear
economy of take-make-dispose to a circular one. As such, the developed framework considers the type
of value creation that each business model could generate and proposes the adequate circular design
strategy for each of them. The major contribution of this paper was the consideration and synthesis of
decades of work in the field of DfX to propose a transition to circular design. Authors in the field might
argue that not all DfX strategies were considered. However, the literature recognises that strategies
overlap each other, and as such, this review presents a summary of the most relevant strategies, tools
and methods derived from DfX to meet the aim of this research. Due to the majority of the literature
reviewed originating in the EU, with the exception of some from the USA, it is proposed that the
framework is valuable for European design. The exploration of the framework in other contexts,
particularly its use within emerging economies, is a challenge for further research.
In addition, further work will include the development of a circular design tool alongside the
proposed recommendations to further aid designers, inventors, innovators and decision makers to
implement the identified strategies and qualitatively assess the social and environmental impacts of
the proposed product/service/business model during the concept generation process. This will need
to be complemented with further quantitative assessment. An assessment on how the circular design
framework is applied to different products is required, as it is recognised that each identified strategy
will not just be related to a business model, but also to a product category. This will help to build
a product portfolio that could complement the desired tool. Finally, future work will also consider
the role of policy and regulations to enable the implementation of circular business models with the
appropriate circular design strategies. This work will consider the current topics of importance for the
European circular economy strategy, such as regulations for the recovery of critical materials.
Sustainability 2016, 8, 937 13 of 15
Acknowledgments: Part of this work was supported by the Engineering and Physical Sciences Research Council
(EPSRC) and Economic and Social Research Council (ESRC) Grant (EP/M017567/1). We thank the students at the
Master of Design (MDes) programme at the Centre for Competitive Creative Design (C4D), our industry partners
and research team for their time and valuable discussions on the topic of the circular economy, which clearly
contributed to the development of this paper.
Author Contributions: Fiona Charnley is the corresponding author of this manuscript. She conducted the
revisions following the reviewers’ comments. Mariale Moreno is the primary author of this manuscript. She wrote
the full paper, did the literature review and developed the framework according to the main findings from the
literature. Carolina De los Rios contributed to the categorisation of the business models and to producing the
images for this paper. Zoe Rowe contributed to reviewing the spelling and grammar of the manuscript. All authors
read and approved the final manuscript.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. Papanek, V. Design for the Real World. Human Ecology and Social Change, 2nd ed.; Thames and Hudson:
London, UK, 1975.
2. RSA. Investigating the role of Design in the Circular Economy. Available online: https://www.thersa.org/
discover/publications-and-articles/reports/the-great-recovery (accessed on 25 June 2016).
3. Roy, R. Products: New Product Development and Sustainable Design; The Open University: Milton Keynes,
UK, 2006.
4. Brezet, H.; van Hemel, C. Ecodesign: A Promising Approach to Sustainable Production and Consumption;
UNEP and TU Delft: Paris, France, 1997.
5. Charnley, F.; Lemon, M.; Evans, S. Exploring the process of whole system design. Des. Stud. 2011, 32, 156–179.
[CrossRef]
6. Peck, D.P.; Kandachar, P.V.; Tempelman, E. Critical materials from a product design perspective. Mater. Des.
2015, 65, 147–159. [CrossRef]
7. McDonough, W.; Braungart, M. Cradle to Cradle: Remaking the Way We Make Things; North Point Press:
New York, NY, USA, 2002.
8. Ellen MacArthur Foundation. Towards the Circular Economy Economic and Business Rationale for an
Accelerated Transition. Available online: https://www.ellenmacarthurfoundation.org/assets/downloads/
publications/Ellen-MacArthur-Foundation-Towards-the-Circular-Economy-vol.1.pdf (accessed on
25 June 2016).
9. European Comission. Closing the Loop, New Circular Economy Package. Briefing Document. 2016.
Available online: http://www.europarl.europa.eu/RegData/etudes/BRIE/2016/573899/EPRS_BRI(2016)
573899_EN.pdf (accessed on 16 August 2016).
10. Bocken, N.M.P.; de Pauw, I.; Bakker, C.; van der Grinten, B. Product design and business model strategies for
a circular economy. J. Ind. Prod. Eng. 2016, 33, 308–320. [CrossRef]
11. Go, T.F.; Wahab, D.A.; Hishamuddin, H. Multiple generation life-cycles for product sustainability: The way
forward. J. Clean. Prod. 2015, 95, 16–29. [CrossRef]
12. Bhamra, T.; Lofthouse, V. Design for Sustainability: A Practical Approach; Gower Publishing Ltd.: Hampshire,
UK, 2007.
13. Vezzoli, C.; Manzini, E. Design for Environmental Sustainability; Springer: London, UK, 2008.
14. Clark, G.; Kosoris, J.; Hong, L.N.; Crul, M. Design for sustainability: Current trends in sustainable product
design and development. Sustainability 2009, 1, 409–424. [CrossRef]
15. De los Rios, C.; Charnley, F. Skills and capabilities for a sustainable and circular economy: The changing role
of design. J. Clean. Prod. 2016, in press.
16. Allwood, J.M.; Cullen, J.; Carruth, M.A.; Cooper, D.; McBrien, M.; Milford, R.L.; Moynihan, M.C.;
Patel, A.C.H. Sustainable Materials: With Both Eyes Open; UIT: Cambridge, UK, 2012.
17. Allwood, J.M.; Ashby, M.F.; Gutowski, T.G.; Worrell, E. Material efficiency: A white paper. Resour. Conserv. Recycl.
2011, 55, 362–381. [CrossRef]
18. Chertow, M.; Ehrenfeld, J. Organizing Self-Organizing Systems. J. Ind. Ecol. 2012, 16, 13–27. [CrossRef]
19. Lieder, M.; Rashid, A. Towards circular economy implementation: A comprehensive review in context of
manufacturing industry. J. Clean. Prod. 2016, 115, 36–51. [CrossRef]
Sustainability 2016, 8, 937 14 of 15
20. Rashid, A.; Asif, F.M.; Krajnik, P.; Nicolescu, C.M. Resource conservative manufacturing: An essential
change in business and technology paradigm for sustainable manufacturing. J. Clean. Prod. 2013, 57, 166–177.
[CrossRef]
21. Ashby, M.; Johnson, K. The art of materials selection. Mater. Today 2003, 6, 24–35. [CrossRef]
22. Accorsi, R.; Manzini, R.; Pini, C.; Penazzi, S. On the design of closed-loop networks for product life cycle
management: Economic, environmental and geography considerations. J. Transp. Geogr. 2015, 48, 121–134.
[CrossRef]
23. Bakker, C.A.; Wang, F.; Huisman, J.; den Hollander, M. Products that go round: Exploring product life
extension through design. J. Clean. Prod. 2014, 69, 10–16. [CrossRef]
24. Bakker, C.A.; den Hollander, M.C.; van Hinte, E. Products that Last. Product Design for Circular Business Models,
1st ed.; TU Delft Library: Delft, The Netherlands, 2014.
25. Bogue, R. Design for disassembly: A critical twenty-first century discipline. Assem. Autom. 2007, 27, 285–289.
26. Boothroyd, G. Product design for manufacture and assembly. Comput. Aided Des. 1994, 26, 505–520.
[CrossRef]
27. Chapman, J. Emotionally Durable Design; Objects, Experiences and Empathy; Earthscan Publishing: London,
UK, 2005.
28. Claypool, E.; Norman, B.A.; Needy, K.L. Modeling risk in a Design for Supply Chain problem. Comput. Ind. Eng.
2014, 78, 44–54. [CrossRef]
29. Cooper, T. Product development implications of sustainable consumption. Des. J. 2000, 3, 46–57. [CrossRef]
30. Edwards, K. Towards more strategic product design for manufacture and assembly: Priorities for concurrent
engineering. Mater. Des. 2002, 23, 651–656. [CrossRef]
31. Ijomah, W.L.; McMahon, C.A.; Hammond, G.P.; Newman, S.T. Development of design for remanufacturing
guidelines to support sustainable manufacturing. Robot. Comput. Integr. Manuf. 2007, 23, 712–719. [CrossRef]
32. Johansson, G. Product Innovation for Sustainability—On Product Properties for Efficient Disassembly. Int. J.
Sustain. Eng. 2008, 1, 32–41. [CrossRef]
33. Kimura, F.; Kato, S.; Hata, T.; Masuda, T. Product modularization for parts reuse in inverse manufacturing.
CIRP Annu. Manuf. Technol. 2001, 50, 89–92. [CrossRef]
34. King, A.M.; Burgess, S.C.; Ijomah, W.; McMahon, C.A. Reducing waste: Repair, recondition, remanufacture
or recycle? Sustain. Dev. 2006, 14, 257–267. [CrossRef]
35. Lofthouse, V. Ecodesign tools for designers: Defining the requirements. J. Clean. Prod. 2006, 14, 1386–1395.
[CrossRef]
36. Morelli, N. Developing new product service systems (PSS): Methodologies and operational tools. J. Clean. Prod.
2006, 14, 1495–1501. [CrossRef]
37. Hatcher, G.D.; Ijomah, W.L.; Windmill, J.F.C. Design for remanufacture: A literature review and future
research needs. J. Clean. Prod. 2011, 19, 2004–2014. [CrossRef]
38. Sundin, E.; Lindahl, M. Rethinking product design for remanufacturing to facilitate integrated product
service offerings. IEEE Int. Symp. Electron. Enviorn. 2008, 6, 375–392.
39. Van Nes, N.; Cramer, J. Product lifetime optimization: A challenging strategy towards more sustainable
consumption patterns. J. Clean. Prod. 2006, 14, 1307–1318. [CrossRef]
40. Benyus, J. Biomimicry: Invention Inspired by Nature; Harper Collins: New York, NY, USA, 2002.
41. Braungart, M.; McDonough, W.; Bollinger, A. Cradle-to-cradle design: Creating healthy emissions—A
strategy for eco-effective product and system design. J. Clean. Prod. 2007, 15, 1337–1348. [CrossRef]
42. Nagel, J.K.; Nagel, R.L.; Stone, R.B.; McAdams, D.A. Function-based, biologically inspired concept generation.
Artif. Intell. Eng. Des. 2010, 24, 521–535. [CrossRef]
43. Schenkel, M.; Caniëls, M.C.; Krikke, H.; van der Laan, E. Understanding value creation in closed loop supply
chains/ Past findings and future directions. J. Manuf. Syst. 2015, 37, 729–745. [CrossRef]
44. Vincent, J.F.; Bogatyreva, O.A.; Bogatyrev, N.R.; Bowyer, A.; Pahl, A.K. Biomimetics: Its practice and theory.
J. R. Soc. Int. 2006, 3, 471–482. [CrossRef] [PubMed]
45. Wells, P.; Seitz, M. Business models and closed-loop supply chains: A typology. Supply Chain Manag. Int. J.
2005, 10, 249–251. [CrossRef]
46. Lewandowski, M. Designing the Business Models for Circular Economy—Towards the Conceptual
Framework. Sustainability 2016, 8, 43. [CrossRef]
Sustainability 2016, 8, 937 15 of 15
47. Lacy, P.; Rutqvist, J. Waste to Wealth. Creating Advantage in a Circular Economy, 1st ed.; Accenture: London,
UK, 2015.
48. Bocken, N.M.P.; Samuel, W.; Short, S.W.; Rana, P.; Evans, S. A literature and practice review to develop
sustainable business model archetypes. J. Clean. Prod. 2014, 65, 42–56. [CrossRef]
49. Stahel, W.R. The Business Angel of a Circular Economy–Higher Competitiveness, Higher Resource Security
and Material Efficiency. In A New Dynamic: Effective Business in a Circular Economy, 1st ed.; Ellen MacArthur
Foundation: Cowes, UK, 2013.
50. Tukker, A. Product services for a resource-efficient and circular economy—A review. J. Clean. Prod. 2015, 97,
76–91. [CrossRef]
51. Allwood, J.M. Squaring the circular economy: The role of recycling within a hierarchy of material
management strategies. Handb. Recycl. 2014, 30, 445–477.
52. Gregson, N.; Crang, M.; Fuller, S.; Holmes, H. Interrogating the circular economy: The moral economy of
resource recovery in the EU. Econ. Soc. 2015, 44, 218–243. [CrossRef]
53. Andrews, D. The circular economy, design thinking and education for sustainability. Local Econ. 2015, 30,
305–315. [CrossRef]
54. Packard, V. The Waste Makers; Penguin: London, UK, 1960; Volume 1064.
55. Maguire, P.; Woodham, J. Design and Cultural Politics in Post War Britain: Britain Can Make It Exhibition of 1946;
Bloomsbury T&T Clark: London, UK; Washington, DC, USA, 1997.
56. Sheldon, R.; Egmont, A. Consumer Engineering: A New Technique for Prosperity; Harper: New York, NY,
USA, 1976.
57. Winkler, H. Closed-loop production systems—A sustainable supply chain approach. CIRP J. Manuf.
Sci. Technol. 2011, 4, 243–246. [CrossRef]
58. Cohen, M.J. Sustainable consumption research as democratic expertise. J. Consum. Policy 2006, 29, 67–77.
[CrossRef]
59. Stahel, W.R. The utilization focused service economy: Resource efficiency. In The Greening of Industrial
Ecosystem; Allenby, B.R., Richards, D.J., Eds.; National Academy Press: Washington, DC, USA, 1994;
pp. 178–190.
60. Stahel, W.R. The Performance Economy, 1st ed.; Palgrave Macmillan: Hampshire, UK, 2010.
61. Stahel, W.R. The product-life factor. In An Inquiry into the Nature of Sustainable Societies: The Role of the Private
Sector; Grinton Orr, S., Ed.; HARC: Houston, TX, USA, 1981; pp. 72–96.
62. Boks, C.; Lilley, D.; Pettersen, I. The future of design for sustainable behaviour revisited. In Proceedings
of the 2015 9th EcoDesign International Symposium on Environmentally Conscious Design and Inverse
Manufacturing, Tokyo, Japan, 2–4 December 2015.
63. Lilley, D. Design for sustainable behaviour: Strategies and perceptions. Des. Stud. 2009, 30, 704–720.
[CrossRef]
64. Piscicelli, L.; Ludden, G. The potential of Design for Behaviour Change to foster the transition to a circular
economy. In Proceedings of the Design Research Society, Brighton, UK, 27–30 June 2016.
65. Joore, P.; Brezet, H. A Multilevel Design Model: The mutual relationship between product-service system
development and societal change processes. J. Clean. Prod. 2015, 97, 92–105. [CrossRef]
66. Linder, M.; Williander, M. Circular Business Model Innovation: Inherent Uncertainties. Bus. Strategy Environ.
2015. [CrossRef]
67. RSA. Design for a Circular Economy. Lessons Learned from the Great Recovery 2012–2016. Available
online: https://www.thersa.org/discover/publications-and-articles/reports/the-great-recovery (accessed
on 25 June 2016).
68. Meroni, A. Strategic design: Where are we now? Reflection around the foundations of a recent discipline.
Strat. Des. Res. J. 2008, 1, 31–28. [CrossRef]
© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).
